IV CONTENTS
To provide data for planning the use and conservation of the water resources of the Commonwealth of Kentucky, a statewide program of ground-water investigations is being made by the U.S. Geological Survey in cooperation with the Kentucky Geological Survey. Previous to July 1958, cooperation was with the Department of Economic Development of Kentucky. Investigations underway at the present time are of three general types : (a) detailed investigations of ground-water resources of small areas; (b) statewide reconnaissance to locate sources warranting detailed study as potential water supplies for large-scale public, industrial, and agricultural demands; and (c) statewide reconnaissance investigations of groundwater resources for general use.
This investigation is of the third type and is one of a series of five which will cover the Commonwealth. This report provides general information on the availability of ground water in the Western Coal Field region of Kentucky.
LOCATION AND EXTENT OF REGION
For convenience in reconnaissance study of the ground-water resources, the Commonwealth of Kentucky has been divided into five regions of more or less distinctive geology and physiography, as follows: Eastern Coal Field, Bluegrass, Mississippian Plateau, Western Coal Field, and Jackson Purchase ( fig. 1 ). The boundaries of the regions are drawn on the county lines, which approximate, but do not coincide exactly with the geologic and physiographic boundaries.
The Western Coal Field region, as defined in this report, includes about 4,500 square miles in the western part of the Commonwealth, and consists of 10 counties: Butler, Daviess, Hancock, Henderson, Hopkins, McLean, Muhlenberg, Ohio, Union, and Webster (fig. 2 ). On the north and west, the region is separated from the States of Indmna and Illinois by the Ohw River, and on the east, south, and southwest It IS bounded by the MISSISSippian Plateau regwn. The U.S. Census Bureau reported a total population in 1950 of almost 238,000.
PREVIOUS INVESTIGATIONS
Ground-water conditiOns and geology of the Henderson area are described In a report by Harvey (1956) . Information on the public and Industrial water supplies of the region is included in a report by Maxwell (1954) . The deep-channel and alluvial deposits of the Ohio Valley in Kentucky are described in a report by Walker (1957) .
METHOD OF INVESTIGATION
The fieldwork for this InvestigatiOn was done by E. J. Harvey, B. W Maxwell, and R. W Devaul from 1950 to 1954 . Some work was done in the Hartford quadrangle In 1948 by E. G. Otton.
Fieldwork consisted chiefly of an Inventory of wells and some springs and a study of the nature of the openings in the rocks that affect storage and movement of ground water. Information was obtained on water wells, springs, coal-and oil-test holes, and bridge bonngs. Well depths; depths to water; pumping levels, nature, depth, and thickness of the aquifers; and the quality of the water were noted A report on the permanence and adequacy of the water supply from each well was obtained from the owner whenever possible Samples of water from representative supplies were collected for chemical analysis. Logs of wells were obtained from drillers and well owners, and samples of rock from wells being drilled during the course of the investigatiOn were examined. Electric logs of Oil-test holes were used extensively In subsurface correlation of rock strata.
Water-level measurements were made In several wells by means of a steel tape or a recording gage to determine the nature and amount of the water~ level fluctuations A pumping test was made at Beaver Dam in 1948 by M. I. Rorabaugh and E. G. Otton. Others were made by E. J. Harvey Information obtained In the well-and-spring inventory is summarized by well symbol and explained on the water-availability maps In the atlases of the hydrologic investigatiOns series covering the Western Coal Field region (Maxwell and Devaul, 1962a, b, c, 'and .
The geologic maps accompanying these atlases were adapted from existing county and quadrangle geologic maps published by the Kentucky Geological Survey. In some cases the units mapped in one county were not equivalent to the units mapped in an adjacent county. Such differences are noted on the geologic maps by changes in pattern and symbol.
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GEOGRAPHY
The Western Coal Field region of Kentucky is a part of the Illinois-Indiana-Kentucky basin, or the Eastern Interior basin (Eardley, 1951, p. 32) , and is bordered on the east, south, and southwest by the Mississippian Plateau region.
TOPOGRAPHY AND DRAINAGE
Most of the regwn is a rolling upland 400 to 550 feet above sea level. Near the east, south, and southwest boundaries of the region IS a belt of rugged hills, as much as 839 feet in altitude, which generally coincides with the outcrop of the Caseyville sandstone and the lower part of the Tradewater formation. Another belt of hills lies along the Shawneetown-Rough Creek fault zone, whiCh extends westward across the central part of the region. Extensive flood plains and alluvial terraces of low relief, ranging in altitude from 340 to 430 feet, border the OhiO and Green Rivers and their tributaries.
The alluvial terraces and flood plain on the Kentucky side of the Ohw River form the entire north and northwest boundaries of the Western Coal Field regwn. The width of the alluvial deposits on the Kentucky side of the river ranges from very narrow at Hawesville, where the river flows close to the valley wall, to almost 10 miles just north of UniOntown.
The entire Western Coal Field region is drained by the Ohio River and Its tributaries. The Green River, flowing across the region in a northwestward directiOn toward the Ohio, and its tributaries, the Pond, Mud, and Rough Rivers and Panther Creek, drain about 65 percent of the area. The Tradewater River, whiCh forms the approxImate southwest boundary of the Western Coal Field, drains about 15 percent of the area. The remainder IS drained by the Ohw River directly or through small tributaries.
CLIMATE
The climate of this regwn IS of the humid continental type. The prevailing winds are from the south. The average annual temperature Is about 57° F. At four stations the average January temperature IS about 36° F, and temperatures below 0° F occur occasionally. The average July temperature IS about 78° F, and temperatures above 100° F occur occasiOnally during the summer. The growing season between killing frosts ranges from 169 to 250 days and averages 210 days. The average annual preCipitatiOn is about 44 inches. PreCipitatiOn normally IS fairly well distributed throughout the year. Most of the preCipitation occurs as rainfall; snowfall is scanty and Infrequent. Figure 3 shows the average normal monthly temperature and preCipitatiOn at four statwns in the Western Coal Field region. The economy of the Western Coal Field region IS dependent chiefly on farming, mining, and petroleum productiOn. Most of the large nnd prosperous farms are on alluvial terraces of the larger streams. Corn, soybeans, tobacco, and cattle are the chief farm products. On the rolling uplands the farms are generally smaller, and fruit farmIng, cattle raiSing, and dairying are the chief activities. The hilly areas near the boundaries of the region and the dissected areas borderIng the rivers are too rugged for large-scale farming, and the cultivated areas are small There IS some productiOn of timber, mostly for local use IrrigatiOn of crops Is becoming increasingly common in this region, and about 25 irrigation systems that use ground water are known to have been installed from 1953 to 1956. These are all in the alluvium along the Ohio River, but some small systems may utilize water from ponds and small streams m the interwr of the regwn. Rates of pumping from wells range from 10 to 1,000 gpm (gallons per minute), and the acreage bmng irrigated ranges generally from 2 to 125 acres per well.
Coal is produced In all of the 10 counties, but most of the production at the time of this investigation (1958) was in Hopkins and Muhlenberg Counties. In 1954 more than 22 million tons of bituminous coal were mined ( Sisk, 1954) . The coal reserves are large The Corps of Engineers has built two large locks, at dams 1 and 2 on the Green River, to provide access to the Interior of the regiOn for shipment of coal in large barges
Oil also Is produced in each of the 10 counties. The production in 1954 was more than 11 milhon barrels, 82 percent of the Kentucky total for that year; Henderson and Unwn Counties were the largest producers ( Sisk, 1954) .
Several firms manufacture tile and briCk from clay deposits Sand a~d gravel are dredged from the Ohw River and recovered from openpit operations, and limestone IS quarried In a few places. Other GEOLOGY 9
Industnes include the productiOn of distilled beverages, chemicals, food products, furniture, clothillg, electrical equipment, plastic products, and steel. GEOLOGY
The consolidated rocks exposed in the Western Coal Field region, as defined In this report, are of sedrmentary origill and of late MissisSippian and Pennsylvanian age (table 1). Pennsylvanian rocks crop out Ill more than 95 percent of the area; they COl1SISt for the most part of shale and sandstone Interbedded with millor amounts of limestone and coal. Along the eastern and southern borders and along the Shawneetown-Rough Creek fault zone lrmestone, sandstone, and shale of Mississippian age crop out. As the region is a part of a large basin, the rocks dip gently Inward from the eastern, southern, and western borders.
STRATIGRAPHY
As the Mississippian rocks are exposed ill only a small part of the regwn, they are treated as a unit ill the text of the present report. The overlying Pennsylvanian rocks are divided Into five formatiOns In ascending order the Caseyville sandstone and the Tradewater, Carbondale, Lisman, and Henshaw formatiOns. U nconsohdated deposits of Pliocene ( e) and Pleistocene, Plmstocene, and Recent age consisting of clay, silt, sand, and gravel represent the Cenozoic era In the region.
Paleozoic rocks extend to a depth of at least 6~300 feet beneath the base of the Pennsylvanian, as evidenced by an oil-test hole near Sebree, Webster County (Freeman, 1951, p. 133-139) .
The areal extent and geologic characteristics of the consolidated and unconsolidated rocks of the regwn are shown in the generalized geologic map, (fig. 4 ).
STRUCTURE
The Western Coal Field regwn of Kentucky IS the southern part of a structural basill centering in Illinms and extending into Kentucky and Indiana. From the boundaries on the east, south, and southwest the rocks dip gently inward. This simple structure is complicated by two major features: the Moorman syncline, which extends northwestward from Butler County through Union County and includes the structurally lowest part of the Western Coal Field; and the Shawneetown-Rough Creek fault zone, which IS north of the Moorman syncline and extends generally westward across the entire region Along the fault zone the rocks are broken into a complex pattern by both parallel and cross faults. The displacement along the fault zone, exceeding 1,000 feet in places, brings limestone of Late Missis- Wanless (1939) e Of Crider (1913) Chester age 7 Of Crider (1915) s Of Gardner (1927) u Of Norwood """"' l\:) Dunng the early part of the Paleozoic era, western J(entucky was repeatedly flooded by the sea Although there were major interruptiOns In rnanne depositiOn and undoubtedly some continental deposition, practically all the early Paleozoic deposits that remain are of marine origin. These deposits, now consolidated, consist of limestone, dolomite, sandstone, and shale. Later, In the l\1ISSISSippian perwd, marine Inundations became less frequent, and the close of the MisSISSippian period was marked by the emergence of tlus part of the continent. Streams carried away part of the rocks and cut channels several hundred feet deep into the Upper MISSISSippian rocks, producmg a surface of considerable relief On this surface the Lower Pennsylvanian sediments, mostly continental In origin, were deposited During Pennsylvanian time at least 2,750 feet of sediments was deposited in the deeper part of the basin (Wanless, 1939) . Great thicknesses of sand and sandy gravel were deposited In deep channels In the early part of the penod, later, deposits whiCh formed coal, shale, and thin limestone beds became more prominent Most of the faulting occurred after the close of the Pennsylvanian perwd. The post-Pennsylvanian faults Intersect all the consolidated strata exposed in the Western Coal Field regiOn. Rocks of Permian and l\tfesozoiC age are unknown In the regwn, although some may have been deposited and later removed by eroswn I-I1gh-level gravel beds are found at altitudes up to 625 feet These gravel patches probably are remnants of more widespread deposits which were laid down by streams bef01e Pleistocene glaciatiOn.
Durmg the Pleistocene epoch the Ohw River cut its bedrock channel to Its present depth, and glacial-outwash deposits of both 002624-61-3 Ilhnman and WIsconsin age were deposited In the channel. The glacml outwash deposits 1n the Ohw Valley are generally coarser than the alluvium In tributary valleys. Blanketing the bluffs along the south side of the Ohw, and for some distance south of the river, IS a tluck deposit of windblown loess consisting of silt and fine sand The loess was denved from the broad fiat flood plains along the nver Recent alluvium occurs along the present streams (Walker, 1957) GENERAL HYDROLOGY
The pnmary purpose of tlus report IS to provide InformatiOn on the occurrence of ground water for residents of the regwn. Therefore, technical terms are restricted to those considered essential to the understanding of the occurrence of ground water. The followIng defirntwns are based largely on those given by Meinzer (1923a, b) . A few terms, which are not given In the following hst, are defined where they are used In the text
DEFINITION OF TERMS
Aquifer -A formatiOn, group of formatiOns, or part of a formatiOn that IS water yielding Aquifer, confined -Aquifer whiCh Is overlain by a confining bed and which contains water that IS under sufficient pressure to rise above the bottom of the confining bed Also called artesian aquifer.
Aquifer, semiconfined -Aquifer overlain by a confining bed which Itself IS somewhat permeable and may act as an aquifer and through vduch water may move either Into or out of the lower aquifer.
Aquifer, unconfined -Aquifer \VhiCh is not overlain by a confining bed and In w luch, therefore, the water table IS free to nse and fall. Also called water -table aquifer Discharge, ground-water.-Discharge of water from an aquifer, either by natural means such as evapotranspiratiOn and flow from seeps and spnngs, or by artificial means such as pumping from wells Drawdown-Lowenng of the water level In a well as a result of withdrawal of water.
Evapotranspiration-Total discharge of water to the air by direct evaporatiOn and plant transpiratiOn.
Pervrneability-The capacity of earth matermls to transmit water under pressure In general, the larger the connected pore spaces or other openings In the materml the greater the permeability Piezometrw s~~;rface -The Imaginary surface defined by the level to which water will nse In wells tapping a confined aquifer. Is analogous to the water table In that Its shape and slope are IndiCative of the direction and relative rate of movement of water Ill the aquifer Porosity -The ratw of the volume of the openings to the total volume of a rock or sml A lngh porosity does not necessanly IndiCate a high permeability
Recharge, ground-water -AdditiOn of water to an aquifer by InfiltratiOn of preCipitatiOn through the sml, by flow from streams or other bodies of surface water, by flow of surface water through sinkholes, or by flow of ground water from another aquifer.
Saline water.-Saline water has been defined In some reports as water containing more than 1,000 ppm (parts per million) of dissolved solids. In some areas, however, no better water IS available and water containing more than 1,000 ppm IS not considered unpotable, on the other hand, some water contammg less than 1,000 ppm, but having a high proportiOn of sodium and chloride, has a salty taste
Specific capacity -The rate of yield of a well per unit of drawdown, generally expressed In gallons per minute per foot of drawdown at the end of a specified period of discharge Not an exact quantity, as drawdown Increases with time Gives an approximate IndiCatiOn of how much water a well can yield
Water table -The upper surface of the zone of saturatiOn except where that surface IS formed by Impermeable material.
Zone of saturation-The zone In whiCh the openings In the rocks are filled with water under hydrostatic pressure.
OCCURRENCE OF GROUND WATER GENERAL GROUND-WATER CONDITIONS IN THE WESTERN COAL FIELD REGION
Water that enters the aquifers of the Western Coal Field comes mostly from preCipitatiOn winch falls directly on the land area and In part finds Its way to the water table Some ground water IS recharged by Influent seepage from streams that flow across outcrop areas Ground water exists In two different environments, the consolidated bedrock and the sand and gravel In the valleys of the Ohio River and Its tributaries.
In medium-grained poorly cemented sandstone, such as the Caseyville In places, the yield of wells may be derived largely from Intergranular openings (pores), although water from fractures may Increase the yield In sandstones that are fine grained, shaly, or well cemented, Intergranular openings may yield very httle water dn ectly to wells In these rocks, most successful wells obtain water 16 GROUND WATER IN WESTERN COAL FIELD REGION, KY. from fractures. Generally these openings are comparatively large and numerous at shallow depth and are smaller and more widely spaced at greater depth.
In limestone, fractures may be enlarged by solutiOn and may yield large quantities of water, but In the Western Coal Field regwn few wells are developed In limestone, and none of these is known to yield large amounts of water.
In unconsolidated deposits, such as the sand and gravel along the Ohw River and Its tributaries, the yield of wells Is derived entirely from Intergranular openings The amount of water obtained depends largely upon the size, shape, and grading of the particles and the thickness of the aquifer. The positiOn of the water table IS related directly to the amount of ground water In storage. Therefore, fluctuatiOns of water levels m wells are an indicatiOn of changes ill ground-water storage Some of the more common causes of changes In water levels In wells In the Western Coal Field regwn are changes Ill barometric pressure, changes in stage of a nearby stream, and differences In rate of recharge due to variatwns ill local preCipitatiOn The effect of local precipitation IS most apparent Ill the winter and early spring when the soil-moisture defiCiency which accumulated during the growing season has been overcome. The changes In water level In the well are very similar to, althougl1 not quite as large as, the changes In river stage, also, the changes In the well occur at almost the same time as the changes In river stage Figure 7 shows changes In water level In a well In bedrock caused by recharge from local preCipitatiOn. The well IS drilled Into the I.11sman formatiOn and normally IS a water-table well. In the early spring however, when the ground IS saturated with water, the well shows fluctuatiOns caused by changes In barometric pressure As the weather statiOn IS 10 miles to the southeast, the changes In water level do not always correspond to the amount of precipitatiOn recorded there. Also, minor amounts of preCipitatiOn do not seem to affect the water level in the well.
WATER IN THE ALLUVIUM
The alluvium along the Ohw River In the Western Coal Field region Includes about 300 to 350 square miles, and the total area along the major tributaries IS at least as great. Although this represents only a small part of the total area of the regwn, the alluvium IS the source of about 90 percent of the ground water pumped for public and Industrial supplies, and about 66 percent of all water pumped for public and Industrial supplies from both ground and surface sources (Maxwell, 1954) . Most of the water IS pumped from the alluvium along the Ohw River, the greatest potential source of ground water for future Industrial, muniCipal, and agricultural development
The alluvium along the Ohw River, except where It Is tlun or composed of Silt and clay, will yield at least enough water for domestic and farm use In much of the area, single vertical wells will yield from a few hundred to as much as 1,000 gpm. Special InstallatiOns, such as wells having multiple horizontal screens, may yield several thousand gallons per minute. Two such collector-type wells near Henderson yield 3,000 to 4,000 gpm each at most times (Harvey, 1956) . Even higher yields are obtained when the river stage IS lugh and the water IS warm. Such InstallatiOns and also some of the highcapacity smgle vertical wells close to the rrver depend to a large extent on Induced InfiltratiOn of river water Several IrrigatiOn systems producing more than 400 gpm have been developed by connecting two or three 4-Inch drrven wells spaced about 15 feet apart and operating them as a single unit Alluvium In the tributaries of the Ohio IS generally finer grained than that of the Ohw Valley and consists of clay, silt, fine sand, and a small amount of gravel. Gravel has been penetrated In several wells along the Green River, but the extent of these deposits IS not known. The lnghest known yield from any well In the alluvium of the tributaries IS 56 gpm. Other wells yield enough for domestic supphes. The alluvium In the smaller tributanes IS commonly thin and very fine grmned and yields only small amounts of water. Table 2 shows the correlatiOn of data from 146 wells In alluvium. InadeQuate __ -__ ----________ -------1
t« 10 1 -11 -11 2 9 The only bedrock aquifers In the Western Coal Field region that are known to produce more than 100 gpm are the Anvil Rock sandstone member of the Lisman formatiOn and the Caseyville sandstone. Y1elds as much as 250 gpm have been reported from the Caseyville, although the average IS much less. Generally the Anvil Rock sandstone member yields less than 20 gpm. The other bedrock aquifers 1n the Western Coal Field region generally yield considerably smaller quantities of water than the Caseyville; 20 gpm seems to be about the maxrmum amount that can be expected, and commonly much less is obtained with constant pumping. Generally, more than half of the bedrock wells will produce enough water for modern domestic use, and a large number are equipped for such use. Few of the wells yield so little water as to be Inadequate for hand pumps and bailers. Less than 3 percent of the wells are reported to have gone dry at any time, and most of these either were originally inadequate or produced only small amounts of water. Some wells are reported to go dry when the water level drops below the intake of the pump; many such wells would yield suffiCient water If the pump Intakes were set deeper. Most of the unsuccessful wells are dug wells or drilled wells less than 75 feet deep. alluvium and 17 wells In bedrock. Few springs were mventoried In this study, as they form a very mmor source of supply in this area. Most yield only very small quantities of water, but some may be adequate for a modern domestic supply. Generally however, the yields of the springs fluctuate much more than the yields of wells, and many may be dry durmg the late summer and fall. Table 4 shows the correlatiOn of data from 567 drilled wells in bedrock. Availability of ground water in the bedrock depends chiefly on the character, thickness, and depth of the aquifers penetrated and to a limited extent on the topographic situation of the well. Most of the bedrock aquifers in the Western Coal Field region are sandstone. They vary In thickness and composition, and they may thin to a featheredge and disappear in very short distances. They may be friable and highly permeable, or they may contain such large amounts of shale or cementing material that they yield only small amounts of water. In the Western Coal Field region the thickness and character of geologic units may change greatly over short distances. A given unit may be a thick sandstone at one locality, whereas at another point a few miles away it may consist chiefly of shale. Thus, the availability of water In any geologic unit may range widely. The depth to the aquifer largely determmes the cost of drilling the well and may influence the quality of water obtained, inasmuch as saline water Is present at depth. The depth to_ the aquifer also may influence the amount of water obtained if the water occurs in fractures, which generally become smaller with increasing depth. Topography seems to have little effect on the availability of ground water in the Western Coal Field region, except for shallow-water bodies penetrated by dug wells and some shallow drilled wells. Shallow wells on hills are apt to go dry, but most of the drilled wells penetrate below the zone of water-table fluctuation.
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Of the 567 dnlled bedrock wells inventoried, 522, or 92 percent, were less than 300 feet deep. Only 26 were reported madequate for any purpose or were reported to have gone dry at any trme. Figure  8 shows the percentage distribution of yields of 567 drilled wells in bedrock, by depth .
. DETERMINING THE AVAILABILITY OF GROUND WATER AT A GIVEN SITE
The maps, cross sections, and columnar sections in this report and In the five atlases of the hydrologic InvestigatiOns series (Maxwell and Devaul, 1962a, b, c, and covering the Western Coal Field region, are designed to mdicate the probable availability of ground water at any given site. Determmation of exact conditions m the regwn IS especially difficult because of the great variatiOns In thickness and character of aquifers withm short distances. It IS obvwus that a brief reconnaissance such as that on whiCh tlus report IS based can determine only the probable conditiOns at any particular Site where a well or test hole does not already exist.
... A yield of 500 or more 1s assumed to be sufficient for maximum normal modern household use, as when a power-pump and pressure system are used. A y1eld of 100 gpd IS assumed to be a m1nrmum supply for household use but InsuffiCient for a power-pump and pressure system A yield of less than 100 gpd IS assumed to be insufficient for any use.
The regwn IS divided Into five areas of ground-water availability. The areal extent of these subdivisiOns IS shown on the five atlases of the hydrologic InvestigatiOns series covering the Western Coal Field regwn.
Area l1s confined to the Ohw River valley, most of wh1ch IS underlain by relatively thiCk sectiOns of sand and gravel that will yield at least 50 gpm, or about 70,000 gpd, to most wells at depths of less than 150 feet. Many wells will yield several hundred gallons per minute to properly screened wells. Almost all wells 1n this area will yield enough water for a modern domestic supply having a powerpump and pressure system ( 500 gpd or more).
In area 2 most wells yield enough water from depths of less than 300 feet to supply domestic needs where a power-pump and pressure system IS used. Tlus area Includes the largest part of the bedrock area In the region, some of the alluvium along the Ohw R1ver 1n whiCh larger yields are not expected, and much of the alluvium along the larger tributaries. Some wells 1n area 2 will yield enough water for pubhc and Industrial supplies; some w1ll not yield enough even for a modern domestic supply.
In area 3 most wells will y1eld enough water from depths of less than 300 feet to supply domestic needs when a bucket, bailer, or hand pump IS used (100 to 500 gpd). This area covers those parts of the regwn which appear to be underlain by shale, sandy shale, and limestone, and where few wells are known to yield large supplies of water. Even In this area, however, some wells will yield enough water to supply domestic needs when a power-pump and pressure system IS used; a few, on the other hand, will not y1eld even enough for a hand pump, bucket, or ba1ler.
In area 4 most wells fa1l to supply enough water for domestic use from depths of less than 300 feet; that is, they yield less than 100 gpd. Few wells 1nventor1ed fall1nto th1s category, and no large areas have been found m whiCh this conditiOn exists Such areas seem to occur only where there are thick sections of unfractured shale and well-cemented sandstone.
In area 5 the yield of wells 1s unpredictable, commonly because of faulting.
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The availability maps In the atlases by themselves indicate groundwater conditions In a very general way. However, much better InformatiOn can be obtained by using the availability maps In conjunctiOn with the geologic maps, cross sectiOns, and stratigraphic columns Included m the atlases and In this report. For example, at Millport, Muhlenberg County, the availability map of Devaul and Maxwell ( 1962b) IndiCates that more than half of the wells will yield enough water for a modern domestic supply at depths of less than 300 feet. Well data on the availability map show that a dug well at Millport, 23 feet deep and equipped with a power pump, obtains water from the Lisman formation. A drilled well about 2 miles north of Millport, flowing 4 gpm, also yields water from the Lisman formation. The geologic map of Devaul and Maxwell (1962b) Considering all of the above Informatwn, it may be reasonably assumed that a well drilled to a depth of about 100 feet in this place may yield enough water for a domestic supply. If a well 100 feet deep does not yield enough water, the well can be deepened to penetrate the Anvil Rock sandstone member, which probably will yield additiOnal water Fresh water that IS adequate for a large public or Industrial supply probably IS not available In this locality, because the Caseyville sandstone, whiCh IS the only other bedrock formatiOn known to yield relatively large supplies In the regwn, is more than 1,000 feet below the surface Fresh water IS rarely obtained from such depths In this region
SUGGESTIONS FOR FURTHER STUDIES
Additional, more detailed InvestigatiOns of the availability of ground water will be needed in different areas as demands for water increase Some of these areas will be determined by the increased need for water by consumers, such as cities and Industries, that are already established However, new Industries generally will be established in areas where an adequate supply of water is known to 26 GROUND WATER IN WESTERN COAL FIELD REGION, KY. be available. Irrigation of crops, which seems to be increasingly important in Kentucky, also will be stimulated by information on availability of ground water.
Only one area in the Western Coal Field region seems promising as a source of very large supplies of ground water for large cities and industries-the alluvium along the Ohio River flood plain. A more detailed investigatiOn of this area is already underway.
Enough ground water for smaller public supplies and industries may prove to be available from alluvial deposits along the Green River and its major tributaries. Little information is now available on the character of these alluvial materials or the amount of water that may be obtained from them.
As indicated above, the Anvil Rock sandstone member of the Lisman formation and the Caseyville sandstone are known to yield more than 100 gpm In some areas. An investigation to determine additional areas where such yields can be expected may be warranted. The occurrence of fresh water In the Caseyville at depths approaching 1,000 feet is of particular interest.
Saline water, which is unsuitable for most uses, is being used in places for water drive in the secondary recovery of oil. An investigation of the availability of this water would be of considerable Interest to the oil Industry of the region METHODS OF OBTAINING GROUND WATER SPRINGS Few spnngs were Inventoried in the Western Coal Field region, as they are a minor source of water. Of the springs inventoried, probably most would not supply enough water for domestic use where a power-pump and pressure system was used. However, if adequate storage is provided, some of the spnngs may yield enough for such use.
DUG WELLS
In some areas dug wells are a common source of water. Where water from deeper aquifers is not obtainable or is of poor quality, dug wells or cisterns must be used. Because most dug wells are shallow and penetrate only a short distance below the water table, they are apt to go dry in dry weather. Only a few of the dug wells inventoried would produce enough water for a modern domestic supply. Unless properly constructed, dug wells are easily contaminated from surface sources.
QUALITY OF WATER
DRILLED WELLS
In the Western Coal Field region most wells are drilled. Most of those Inventoried were drilled by the cable-tool method, although a few in alluvium were drilled by the rotary method.
Most of the wells In bedrock are only 6 inches In diameter. Some, which furnish industrial or public supphes, are as much as 12 inches in diameter. The wells are commonly cased down to bedrock but may be cased a considerable distance Into the bedrock. If the aquifer occurs below a coal bed, the casing may be driven down below the coal. If a soft shale is penetrated before reaching the aqujfer, the casing may be driven through the shale to prevent the collapse of the hole.
Wells drilled into alluvium generally have a screen as part of the casing. The type of material and size of openings of the screen should be determined after study of dnll cuttmgs and analysis of a water sample.
Driven wells are common In the alluvium. Most are 114 to 2 Inches In diameter. They range in depth from about 25 feet to a reported 99 feet, although most are less than 40 feet deep. Several 4-inch driven wells have been installed to obtain water for irrigation.
QUALITY OF WATER Figure 9 shows the quality of water m the region by means of bar diagrams based on the median values of several constituents determined by partial and comprehensive chemical analyses of water samples from different aquifers. Because median values of large groups are used, the anion and cation bars of the composite analysis for each aquifer do not agree. Median values are used In preference to averages in order to offset very high values of dissolved solids in some samples whiCh are not typical. Table 5 is a summary of comprehensive analyses of ground water, by formatwn, in the Western Coal Field, and table 6 describes the significance of dissolved mineral constituents and physical properties of natural water.
The water in the shallow bedrock aquifers of the region generally IS of the sodium bicarbonate or the calCium bicarbonate type. At greater depths the calCium bicarbonate water becomes less common, and the water usually IS more highly mineralized and is of the sodium bicarbonate or sodium chlonde type Almost all the sodium chloride water is too highly mineralized for domestic use. Saline water has been found at depths as shallow as 100 feet, but fresh water has been obtained from the Caseyville sandstone at depths approaching 1,000 feet. Water from the bedrock generally is soft to moderately hard, but It may contain undesirable amounts of iron. .... 
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